Supplemental Experimental procedures
Supplemental Table 1 Supplemental Figure S1 (related to Figure 1 ). The two half reactions catalyzed by 4CL enzymes, wherein a hydroxycinnamic acid substrate is first undergoes adenylation to generate the acid anhydride, followed by a subsequent thioesterification in the presence of CoA to yield the final hydroxycinnamoyl-CoA product. Figure 1) . Overview of the reactions catalyzed by representative enzymes of the ANL superfamily. The first half-reaction, consisting of adenylation, is conserved among all ANL members. For NRPS adenylation domains, the phenylalanine adenylation and thiolation domains of gramicidin S synthetase is shown as an example. Tables 2 and 3) . Representative curves showing the timecourse for product formation by Nt4CL2 using coumaric (black trace), caffeic (blue trace) or ferulic acid (purple trace) as substrates. Kinetic parameters were determined by non-linear regression using data from three independent replicates. Each curve was calculated as the average of three independent assay results. Error bars are shown every fifth data point for simplicity. Figure S4 
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Cloning, Expression, and Protein Purification
For protein production, a pre-culture of Escherichia coli Rosetta (DE3) transformed with the appropriate expression clone was plated onto Luria-Bertani(LB) medium solidified with Bactoagar (Difco) containing ampicillin (100 µg/ml) and chloramphenicol (34 µg/ml), and the plates were incubated at 37 ˚C overnight. Individual colonies were cultivated in LB medium supplemented with antibiotics and grown overnight at 37 o C in LB medium for 5-8 hours. Gene expression was induced when the absorbance at 600 nm reached ≈0.5 with the addition of 0.1 mM IPTG, and the temperature was decreased to 16 ˚C, followed by incubation for an additional 16 hours at 200 rpm. Cells were harvested by centrifugation at 3,500g for 25 minutes at 4 o C, and the pellet was subsequently suspended in 20 mM Tris, pH 8.0, 500 mM NaCl, 30 mM imidazole, and 10% (v/v) glycerol, flash-frozen in liquid nitrogen, and stored at -80 o C until further use.
Frozen cell pellets were thawed and disrupted by four passes through an Avestin C5 Emulsiflex (Avestin, Ottawa, Canada) homogenizer. The cell lysates were clarified by centrifugation at 16,000 × g for 30 min at 4 ˚C, and the supernatant containing the soluble fraction was loaded onto a 5 ml immobilized metal ion affinity resin (Hi-Trap Ni-NTA, G.E. Healthcare) preequilibrated with binding buffer (50 mM Tris-HCl, 300 mM KCl, 20 mM imidazole, pH 7.5).
The column was rinsed with 10 column volume of the same buffer and the protein was then eluted with a linear gradient of imidazole from 30 mM to 200 mM over 60 ml. Fractions with >90% pure Nt4CL2 protein were pooled and concentrated to 4 ml, which was further purified by size-exclusion chromatography (Superdex 75 16/60, GE Healthcare) in a buffer consisting of 20 mM HEPES pH7.5, 100 mM KCl. Each of the protein samples was concentrated to 50-60 mg/ml and aliquots were flash-frozen in liquid nitrogen prior to storage at -80 o C. Protein concentrations were measured by UV absorbance at 280 nm using the theoretical extinction coefficient of 31.5 mM -1 cm -1 . The final yield of Nt4CL2 was approximately 5 mg/L.
Mutagenesis
Nt4CL2 mutants were generated by Quickchange (Stratagene) site-directed mutagenesis using the aforementioned expression clone as template. The procedures were according to the manufacturer, except that mutagenesis PCR reactions were performed using Phusion Polymerase (Finnzymes). All the mutant proteins were purified following the same protocol described above for wild type Nt4CL2.
LC-MS Analysis of the Thioester Products
Overnight reactions were set up at room temperature with wild type Nt4CL2 or the ΔV341 mutant and appropriate substrates under following concentrations: 100 mM Tris pH 7.5, 2.5 mM 
Data Collection and Structure Determination
Diffraction data from crystals of wild-type and DV341 Nt4CL2, and all ligand bound structures were collected using a Mar 300 CCD detector at an insertion device synchrotron beam line (LS-CAT Sector 21 ID-G, Advanced Photon Source, Argonne, IL). All data were indexed and scaled using either the HKL2000 package (Otwinowski et al., 2003) or XDS (Kabsch, 2010) .
Crystallographic phases were determined by the molecular replacement method (McCoy et al., 2007) , using the coordinates of either P. tomentosa 4CL1 (PDB code: 3NI2), or Luciola cruciata luciferase (PDB code: 2D1Q). The resultant phases were further improved by noncrystallographic symmetry averaging, and subject to automated model building as implemented in ARP/wARP (Langer et al., 2008) . The model was fitted using COOT (Emsley and Cowtan, 2004) , and further improved by rounds of refinement with REFMAC (Murshudov et al., 1997) .
Cross-validation was routinely used throughout the course of model building and refinement using 5% of the data in the calculation of the free R factor. For each of the structures, the stereochemistry of the model was monitored throughout the course of refinement using PROCHECK (Laskowski et al., 1996) and MOLPROBITY (Chen et al., 2010) . Relevant data collection and refinement statistics are provided in Table 1 . The refined atomic coordinated have been deposited in the Protein Data Bank.
